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al., Her2neu belonging to the EGF (epidermal growth factor) 
receptor family, CD34 which is considered to be specific 
for bone marrow stem cells and transferrin receptor were 
examined as a target antigen for the single chain antibody, 
Also, regarding reports on chimeric virus proteins into 
which an RGD motif capable of binding to integrin is 
artificially inserted, there were the reports on adenovirus 
by the group of Wickham (Wickham et al., J. Virol., 
71 1 8221 ( 1997)) and the group of Curiel (Dimitriev et al . , 
J. Virol., 72: 9706 (1998)), and reports of the core 
protein of type B hepatitis virus (Chambers et al., J. 
Virol., 70: 4805 (1996); Sharma et al.. Virology, 239: 150 
(1997)) and bacteriophage Fd protein (Koivunen et al., J. 
Biol. Chem., 268: 20205 (1993); Koivunen et al., J. Cell 

St 

O Biol., 124: 373 (1994)) as on viruses other than adenovirus. 

J3JR 

fil However, in viruses other than adenovirus, there is no 
;| report concerning a virus vector containing an MSH ligand. 
Nor is there any report which proved a possibility of gene 
therapy targeted at an MSH receptor. 

DISCI^QSURK OF THE INVENTTON 

For the purpose of developing gene therapy of 
malignant melanoma, the current virus vectors exhibit poor 
efficiency and poor selectivity of gene transfer. 
Accordingly, there is a demand for a means capable of 
transferring a gene efficiently and selectively to 
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malignant melanoma which is resistant to the conventional 
therapy and has extremely poor prognosis. 

An object of the present invention is to provide a 
virus vector comprising a virus structural protein fused 
with a ligand which specifically binds to an MSH receptor, 
said virus vector being useful for the treatment and 
diagnosis of tumors including malignant melanoma, and an 
application method of the virus vector. 

The present inventors found that the problems of 

□ gene transfer methods using conventional virus vectors of 
being low in efficiency and having poor selectivity for 
malignant melanoma can be solved by the use of a virus 

yi vector comprising a virus structural protein fused with a 
^' ligand which specifically binds to the MSH receptor, and 

"j;^ thus the present invention has been accomplished. In 
addition, the action mechanism of the said virus vector can 

□ also be applied to a vector using other virus whose 
structural protein can be fused with a ligand which 
specifically binds to an MSH receptor as well as fiber 
protein of adenovirus. 

The gene transfer having high efficiency and 
excellent selectivity has been achieved by the use of such 
a virus vector as a gene transfer vector for tumors 
expressing the MSH receptor such as malignant melanoma and 
the like. 
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Accordingly, the present invention provides a virus 
vector having high efficiency and high selectivity for 
tumors expressing the MSH receptor such as malignant 
melanoma and the like, as well as a recombinant virus 
vector which is prepared based on the vector. By selecting 
the gene to be introduced, such a recombinant virus vector 
is useful as a vector for diagnosis and treatment which can 
be applied to a diagnostic agent for specifically 
identifying tumor cells expressing the MSH receptor such as 
□ malignant melanoma and the like, a cancer treating agent 

y;j which specifically kills the tumor cells, or an 



in 

Conventional adenovirus vectors are mainly 



immunotherapeutic agent for a cancer which specifically 
increases antigenicity of the tumor. 



recombinants using human adenovirus type 5 or 2 , and have a 



a 
m 

ni gene transfer efficiency for malignant melanoma of around 
□ MOI 100 as the amount of virus from which 50% transfer 



(ED50) can be obtained (Yoshida et al., 1998), That is, the 
transfer efficiency for malignant melanoma is not so high. 
On the other hand, since the gene transfer efficiency for 
normal cells is similar or higher, a high efficiency of 
gene transfer specific for malignant melanoma cannot be 
expected. By the use of the virus vector of the present 
invention, 1) markedly higher transfer efficiency for 
tumors expressing the MSH receptor such as malignant 
melanoma and the like than in conventional methods is 
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obtained and 2) the transfer efficiency for normal cells 
around the tumor is similar to or lower than that of the 
conventional vectors, so that gene transfer having high 
specificity for tumors expressing the MSH receptor such as 
malignant melanoma and the like can be obtained. 
Accordingly, 1) when a high expression level is necessary, 
higher gene expression in targeted tumor cells than that by 
the conventional methods can be obtained even when the same 
amount of virus is used as the conventional methods, %o 
that superior therapeutic effects can be obtained as a 
result. Also, 2) when using a gene from which sufficient 
therapeutic effects can be obtained at a relatively low 
expression level, dose of the virus can be reduced by the 



use of the vector of the present invention. As a result. 



The present invention permits to alleviation of undesirable 



m 

fil side effects accompanied by the virus administration 



(allergy reaction, injury of normal cells around a tumor 
and the like) • 

In addition, when the present invention is 
integrally combined with a proliferating recombinant virus 
such as adenovirus having ElA or the like, infection 
efficiency and proliferation and re-infection of the virus 
in tumor tissues after the infection are synergistically 
increased, so that such provides a remarkably effective 
therapeutic method . 
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Thus, the present invention has high utility for 
the treatment of tumors expressing the MSH receptor such as 
malignant melanoma and the like. 

Preparation of a mutant adenovirus in which a 
ligand other than MSH is inserted into the C-terminal of 
the fiber protein or the like has already been reported. 
However, there are many cases in which the adenovirus 
cannot be produced due to the insertion of a ligand. Even 
if the virus is produced, there are many cases in which the 
p product does not have the expected affinity for the 

J\ receptor (see Wickham et al., J". Virol, r 71 { 11): 8221-8229 



(1997)). Thus, even if a vector is prepared using a fusion 
protein derived from a known ligand for targeting a known 
receptor, the possibility of obtaining a useful virus 

Si 

vector is completely unpredictable until it is practically 
prepared and allowed to infect. For example, Wickham et al . 



P have prepared vectors by inserting a motif sequence 

(TRSDITWDQLWWDLMKTS) which binds to E-selectm or a motif 
sequence (TSAA(SIKVAV)2) which binds to a laminin receptor 
into the C-terminal of adenovirus fiber protein, but a 
recombinant adenovirus was not produced. Also, it has been 
reported that when a vector and a recombinant adenovirus 
thereof were prepared by inserting a sequence TS(GRGDTF)3SS 
containing a RGD motif which binds to av-integrin or a 
motif sequence TS (GYIGSR)3SS which binds to a laminin 
receptor in the same manner, no specific binding to the 
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expected receptors was found (Wickham et al . , J. Virol., 
7i(ll): 8221-8229 (1997)). 

In contrast to these conventional techniques, the 
virus vector of the present invention provides results 
which are far superior to the generally expected results 
for malignant melanoma. 

Using the facts that the MSH receptor is expressed 
in many melanoma cells (Siegrist et al . , Cancer Res., A3.i 
6352 (1989)) and that MSH as a ligand specifically binds to 

p the MSH receptor with high affinity, the present inventor 

€1 

has completed a vector which can perform gene transfer by 



ui 

malignant melanoma but also other tumors expressing the MSH 



efficiently infecting malignant melanoma cells. The vector 
of the present invention is effective for not only 



'^'-^ receptor . 
m 

fiJ The present invention relates to the following ( 1 ) 

4:= 

O to (26): 

(1) A virus vector comprising a virus structural 
protein fused with a ligand which specifically binds to an 
MSH receptor. 

(2) The virus vector according to (1)/ wherein the 
virus structural protein is fused with a ligand which 
specifically binds to the MSH receptor via a linker. 

(3) The virus vector according to (2), wherein the 
linker is an oligopeptide. 
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(4) The virus vector according to (3), wherein the 
linker has the amino acid sequence represented by any one 
of SEQ ID NOs:25, 27, 29 and 31, 

(5) The virus vector according to any one of (1) to (4), 
wherein the virus structural protein is a protein which 
constructs the outer surface of the virus. 

(6) The virus vector according to any one of (1) to (5), 
wherein the ligand is a ligand selected from the group 
consisting of a-MSH, P-MSH, y-MSH and derivatives of any 
one thereof. 

*0 (7) The virus vector according to any one of (1) to (6), 

Ci 

wherein the virus is selected from viruses belonging to any 
|i-.b one of the group consisting of the family Adenovlrldae , the 

yi 

|„t family Retroviridae , the family Parvoviridae , the family 

p HerpesvirldaB , the family Poxviridae , the family 

PI Papovaviridae , the family Hepadnavlrldae , the family 

fx Togaviridae , the family Flaviviridae , the family 

^^'^ Coronaviridae , the family Rhabdoviridae , the family 

Paramyxovlridae f the family Orthomyxoviridae , the family 

Bunyaviridae f the family Arenaviridae and the family 
Reoviridae . 

(8) The virus vector according to any one of (1) to (6), 
wherein the virus is a human adenovirus . 

(9) The virus vector according to any one of (1) to (8), 
wherein the virus contains an exogenous gene. 
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(10) The virus vector according to (9), wherein the gene 
is a gene encoding an enzyme capable of converting a 
nontoxic prodrug into a drug having a cytotoxicity. 

(11) The virus vector according to (10), wherein the 
gene is a gene encoding a herpes simplex virus thymine 
kinase (HSV-tk) or a cytosine deaminase (CD). 

(12) The virus vector according to (9), wherein the gene 
is a gene encoding a molecule having a cytotoxic activity 
directly or indirectly. 

(13) The virus vector according to (12), wherein the 
gene is a gene encoding a cytokine, a cell growth factor or 
a cell growth inhibiting factor. 

(14) The virus vector according to (12), wherein the 
gene is a tumor repressor gene, a cell cycle regulator gene 
or a cell death regulator gene. 

(15) The virus vector according to (9), wherein the 
exogenous gene is a wild type or mutant gene of adenovirus 
ElA or E IB or a part of the gene. 

(16) A medicament comprising the virus vector according 
to any one of (1) to (15). 

(17) An antitumor agent comprising the virus vector 
according to any one of (1) to (15). 

(18) The antitumor agent according to (17), wherein the 
tumor is malignant melanoma. 

(19) A diagnostic agent for a tumor, comprising the 
virus vector according to any one of (1) to (15), 



(20) The diagnostic agent according to (19), wherein the 
tumor is malignant melanoma* 

(21) A linker comprising the amino acid sequence 
represented by any one of SEQ ID NOs:25, 27, 29 and 31. 

(22) A DNA encoding the linker according to (21). 

(23) A DNA comprising the nucleotide sequence 
represented by any one of SEQ ID NOs:24, 26, 28 and 30. 

(24) A protein comprising the amino acid sequence 
represented by any one of SEQ ID NOs:32 to 39. 

p (25) A DNA encoding the virus vector according to (24). 

y.| (26) A DNA comprising the nucleotide sequence 



represented by any one of SEQ ID N0s:7, 13^ 17, 18, 20, 21, 
22 and 23. 

Examples of the virus vector of the present 
invention include viruses belonging to any one of the 

m 

I'll groups consisting of the family Adenoviridae , the family 
Retrovir idae , the family Parvoviridae , the family 
Herpesviridae f the family Poxviridae, the family 
Papovaviridae , the family Hepadnaviridae , the family 
Togaviridae , the family Flavivirldae , the family 
Coronaviridae , the family Rhahdoviridae , the family 
Paramyxoviridae , the family Orthomyxoviridae , the family 
Bunyaviridae , the family Arenaviridae and the family 
Reovlridae , and vectors derived from these viruses, 
adenovirus dodecahedron vector (Fender et al . , Nature 
Biotech., 15: 52-56 (1997)), vectors in which a virus is 



- 12 - 



combined with liposome (for example, Sendai virus with a 
liposome vector etc. ) and the like. Among these, a human 
adenovirus is preferably used. 

The virus vector of the present invention can be 
prepared by replacing a coding region of a DNA encoding a 
virus structural protein to encode a fusion protein of the 
virus structural protein and an MSH ligand, using general 
recombinant DNA techniques (see Molecular cloning: A 
laboratory manual, 2nd ed. , edited by Sambrook et al . , Cold 

p Spring Harbor Laboratory Press, New York, 1989, etc.). The 

recombinant viruses or those complexed with liposome and 
the like can be prepared in accordance with a known method. 
Examples of the known method include methods described in 

^'^ the following references: 

3 

Wolff ed.. Gene therapeutics: Methods and 
Hi applications of direct gene transfer, Birkhaeuser, Boston, 
Q 1994; Kaplitt and Loewy eds.. Viral vectors: Gene therapy 
and neuroscience applications. Academic Press, San Diego, 
1995; Liu et ai . eds . , DNA vaccines: A new era in 
vaccinology. Annals of the New York Academy of Sciences, 
vol. 772, The New York Academy of Sciences, New York, 1995; 
Gluzman and Hughes eds.. Viral vectors: Current 
communications in molecular biology. Cold Spring Harbor 
Laboratory, New York, 1988; and Methods in cell biology, 
vol. 43^ Protein expression in animal cells. Academic Press, 
San Diego, 1994* 
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Examples of the virus structural protein used in 
the present invention include a protein which constructs 
the outer surface of a virus. Examples of the protein 
which constructs the outer surface of a virus include G 
protein of VSV (vesicular stomatitis virus), envelope 
protein of retrovirus (env), capsid protein of adenovirus 
(hexon, penton base, fiber), hemagglutinin of influenza 
virus, surface glycoprotein of paramyxovirus and the like, 
but any virus protein involved in the adsorption to the 
surface of a host cell such as a cancer cell or the like or 
the interaction with a specific receptor can be used in the 
present invention . 

Examples of the ligand capable of specifically 
binding to the MSH receptor used in the present invention 



□ include a-MSH, p-MSH, y-MSH and the like. Also, it is 
ni possible to artificially prepare those which have stronger 

lis 

□ affinity for the MSH receptor than the natural MSH, by 



preparing their mutants ( such as those which are screened 
from their derivatives and random peptides). All of these 
MSH and MSH-like ligands are included in the ligand to be 
used in the present invention. 

In the following descriptions, the ligand which 
specifically binds to the MSH receptor is simply referred 
to as MSH, and all ligands having strong affinity for the 
MSH receptor can be used in the same manner in the present 
invention. 
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Although the MSH and a virus protein can be fused 
directly, they also can desirably be fused via a linker 
peptide. As the linker peptide, an oligopeptide having a 
length of about 1 to 100 residues can be used* Regarding 
the sequence of the oligopeptide, any peptide which can 
join a virus protein and MSH while keeping the MSH function 
can be used in the present invention. In this regard, the 
linker peptide may have a specified peptide sequence 
already reported in a literature or an unreported peptide 
sequence. Also, it is immaterial to the present invention 
if it is attached position being the C-terminal, inside or 
at the N-terminal position of MSH, also immaterial are its 
length, sequence and the like. 

The position where MSH is fused to a virus 
structural protein may be any position of the C-terminal, 
inside and N-terminal of the virus protein. For example, 
the N-terminal of MSH can be fused with the C-terminal of a 
virus structural protein such as an adenovirus fiber 
protein via an oligopeptide having the amino acid sequence 
represented by any one of SEQ ID NOs:25, 27, 29 and 31. 
The linker peptide having the amino acid sequence 
represented by any one of SEQ ID NOs:25, 27, 29 and 31 and 
DNA encoding the peptide are also included in the present 
invention. 

Examples of the virus structural protein fused with 
MSH via a linker peptide of the present invention include a 




protein having the amino acid sequence represented by any 
one of SEQ ID NOs:32 to 39 and the like. DNAs encoding the 
protein are also included in the present invention. 
Specific examples include DNAs having the nucleotide 
sequence represented by any one of SEQ ID N0s:7, 13 and 17 
to 23 and the like. 

The gene can be introduced efficiently into a 
target cell by inserting an exogenous gene into the virus 
vector of the present invention which is also included in 
the present invention. For example, a target cell such as 
a cancer cell or the like can be killed efficiently and 
selectively by inserting, as an exogenous gene, a gene 
which encodes a molecule having a cytotoxic activity on a 
target cell directly or indirectly. Examples of such a 
gene include those encoding a cytokine, a cell growth 
factor, a cell growth inhibiting factor and the like, also 
a tumor repressor gene, a cell cycle regulator gene, a cell 
death regulator gene and the like. 

Additionally, a target cell can be made into 
sensitive for a prodrug by inserting, as an exogenous gene, 
a gene encoding an enzyme capable of converting a nontoxic 
prodrug into a drug having a cytotoxicity, such as herpes 
simplex virus thymine kinase (HSV-tk), cytosine deaminase 
(CD) or the like. For example, when a gene encoding HSV-tk 
is inserted, the target cell can be made into sensitive for 
ganciclovir or aciclovir. When a gene encoding CD is 
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inserted, 5-f luorocytosine which is nontoxic in the target 

cell can be converted into 5-f luorouracil which is a drug 

having a cytotoxicity. 

Also, examples of the exogenous gene include a wild 

type or mutant gene of adenovirus ElA or ElB, or it may be 

a gene containing a part of the gene. 

The virus vector of the present invention can be 

used as a medicament, for example, a therapeutic drug for a 

tumor expressing MSH such as malignant melanoma or the like, 
O particularly a therapeutic drug for malignant melanoma. 

^'5 The medicament containing the virus vector of the 

present invention can be administered by the vector alone 
yi as the therapeutic drug, but it is generally preferred to 

^ provide the vector as a pharmaceutical preparation produced 

O 

by an optional method well known in the technical field of 
manufacturing pharmacy, by mixing it with one or more 
pharmaceutically acceptable carriers. Preferably, a 

sterile solution prepared by dissolving it in water or an 
aqueous carrier such as an aqueous solution or the like of 
sodium chloride, glycine, glucose, human albumin is used. 
Also, pharmaceutically acceptable additives such as a 
buffering agent, a tonicity agent and the like for use in 
resembling the pharmaceutical preparation solution to 
physiological conditions, e.g., sodium acetate, sodium 
chloride, sodium lactate, potassium chloride, sodium 
citrate and the like can be added. Of course, it is 



fi 5 
Map 
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possible to store the preparation by f reeze-drying for 
later use by dissolving it in an appropriate solvent when 
used. 

It is preferred to use a route of administration 
which is most effective in treatments, and a parenteral 
route, for example, an administration route such as 
subcutaneous, intramuscular, intravenous, airway or the 
like is generally used. 

The therapeutic drug containing the vector of the 
present invention can be administered by the vector alone 
yp as the therapeutic drug, but it is generally preferred to 

■^A provide it as a pharmaceutical preparation produced by an 

\.A optional method well known in the technical field of 

U1 

1^^. manufacturing pharmacy, by mixing it with one or more 

^.^ pharmaceutically acceptable carriers. 

^ij It IS preferred to use a route of administration 

^Ij which is most effective in treatments, and its examples 

H include oral administration or parenteral administration 

such as buccal, airway, rectal, subcutaneous, intramuscular, 
intravenous or the like. The dosage form includes sprays, 
capsules, tablets, granules, syrups, emulsions, 
suppositories, injections, ointments, tapes and the like. 

Examples of the pharmaceutical preparation suitable 
for oral administration include emulsions, syrups, capsules, 
tablets, powders, granules and the like. For example, 
liquid preparations such as emulsions and syrups can be 
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produced using, as additives, water, saccharides such as 
sucrose, sorbitol, fructose, etc.; glycols such as 
polyethylene glycol, propylene glycol, etc.; oils such as 
sesame oil, olive oil, soybean oil, etc.; antiseptics such 
as p-hydroxybenzoic acid esters, etc.; flavors such as 
strawberry flavor, peppermint flavor, etc.; and the like. 
Capsules, tablets, powders, granules and the like can be 
produced using, as additives, fillers such as lactose, 
glucose, sucrose, mannitol, etc.; disintegrating agents 
such as starch, sodium alginate, etc.; lubricants such as 
magnesium stearate, talc, etc.; binders such as polyvinyl 

H alcohol, hydroxypropylcellulose, gelatin, etc.; surfactants 

^« 

H such as fatty acid ester, etc.; plasticizers such as 

U1 

^ glycerol, etc.; and the like. 

5! 

□ Examples of the pharmaceutical preparation suitable 

fjl for parenteral administration include injections. 



suppositories, sprays and the like. For example, 

injections are prepared using a carrier such as a salt 
solution, a glucose solution or a mixture thereof. 
Suppositories are prepared using a carrier such as cacao 
butter or a hydrogenated fat or carboxylic acid. Also, 
sprays are prepared using the vector as such or using a 
carrier or the like which does not stimulate the buccal or 
airway mucous membrane of the patient and can facilitate 
absorption of the vector by dispersing it into fine 
particles. Examples of the carrier include lactose. 
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glycerol and the like. Depending on the properties of the 
vector and the carrier, it is possible to produce 
pharmaceutical preparations such as aerosols, dry powders 
and the like. In addition, the components exemplified as 
additive agents for oral preparations can also be added to 
these parenteral preparations. 

Although the dose or frequency of administration 
varies depending on the intended therapeutic effect, 
administration method, treating period, age, body weight, 
p kind of the virus vector and the like, it is usually from 

yb 10^ to 10^^ as the virus vector per administration per adult. 

j;= The virus vector of the present invention can be 

L'h 

s:« used as diagnostic drugs, e.g., as a diagnostic drug for 

tumors expressing MSH such as malignant melanoma and the 
like, particularly as a diagnostic drug for malignant 
ri| itielanoma. For example, tumors expressing MSH such as 
O malignant melanoma and the like can be specifically 
detected by inserting a gene to be used as a marker into 
the virus vector of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a morphological view of cells 4 days 
after culturing the 2 93 cells by infecting them with a wild 
type adenovirus Ad5dlX-F/wt and an F/MSH mutant adenovirus 
Ad5-F/MSH. A, B and C show results of infections with 
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control mock, wild type adenovirus Ad5dlX-F/wt, and F/MSH 
mutant adenovirus Ad5-F/MSH, respectively. 

Fig. 2 is a morphological view of cells 4 days 
after culturing the A375 cells by infecting them with the 
wild type adenovirus Ad5dlX-F/wt- D, E and F show results 
of infection with control mock, wild type adenovirus 
Ad5dlX-F/wt at MOI 10, and wild type adenovirus Ad5dlX-F/wt 
at MOI 30, respectively. 

Fig. 3 is a morphological view of cells 4 days 
after culturing the A375 cells by infecting them with the 
F/MSH mutant adenovirus Ad5-F/MSH. 



BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention is specifically explained 
below using human adenovirus type 5 (Ad5) and the fiber of 
Ad5 as the virus vector and the virus structural protein to 



P be fused with MSH, respectively, although the present 
invention is not limited to these examples. 



Example 1 

Preparation of human adenovirus type 5 having mutation of 
MSH-fused fiber (F/MSH) (hereinafter referred to as "Ad5- 
F/MSH" ) : 

a) Preparation of plasmid encoding F/MSH mutant: 

A nucleotide sequence encoding a linker consisting 
of 11 amino acids and a human a-MSH consisting of 13 amino 
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acids joined at the 3 '-terminal of a coding region of the 
wild type fiber (SEQ ID N0:1) was synthesized by polymerase 
chain reaction (PGR) using a synthetic oligonucleotide 
No. 924 ( 126 mer, SEQ ID N0:2) as a template and No. 933 
(SEQ ID N0:3) and No. 934 (SEQ ID N0:4) as primers. 

This PGR product was digested with EcoRl and cloned 
into the EcoRl site of pBluescript SKII+ (manufactured by 
Stratagene) to thereby obtain pSKII+nbMSH (Yoshida et al., 
1998). Next, a Hindlll/Xhol fragment of pSKII+nbH (Yoshida 
□ et al., 1998) and a Xhol/Munl fragment of pSKII+nbMSH were 

,q cloned into the Hindlll/Munl site of pSKII+[X-K] (Yoshida 



in 

|srl! 



et al., 1998) to thereby obtain plasmid pSKII+[X-K]nbMSH. 
Next, a Nhel/Kpnl fragment (2.1 kbp) of pSKII+[X-K]nbMSH 
was subcloned into the Nhel/Kpnl site of pSKII+6.7Rnp 
(Yoshida et al . , 1998) to thereby obtain pSKII+6 . 7R-MSH . 
Hi An £:coRI/PacI fragment was cut out from pSKII+6 . 7R-MSH and 



•sjfsr 



cloned into the £;coRI/PacI of pTR (Yoshida et al., 1998) to 
thereby obtain pTR-MSH. A predicted C-terminal amino acid 
sequence of the F/MSH mutant fiber is shown below. Each 
number in the sequence indicates the position of the amino 
acid residue when counted by defining the N-terminal of the 
adenovirus type 5 (Ad5) fiber as 1. 

S571SYTFSYIAQE581PSASASASAPG592SYSMEHFRWGKPV605 
The amino acid sequence of the original Ad5 fiber 
is up to 581, the amino acid sequence of the linker is 11 



- 22 - 




residues from 582 to 592, and the amino acid sequence of 
human a-MSH is 13 residues from 593 to 605. 

Escherichia coli DH5a/pTR-MSH containing pTR-MSH 
has been deposited on February 22, 1999, in National 
Institute of Bioscience and Human Technology, Agency of 
Industrial Science and Technology (1-3, Higashi 1-chome, 
Tsukuba, Ibaraki, Japan 305-8566), as FERM BP-6656. 



b) Preparation of F/MSH mutant recombinant adenovirus 
p The recombinant adenovirus having F/MSH was 

prepared in accordance with a known method (Yoshida et al,, 
1998). That is, a genomic DNA-terminal protein complex 
jf| (hereinafter referred to as "DNA-TPC") was isolated from 

adenovirus Ad5dlX (Miyake et al . , Proc. Natl. Acad. Sci. 
y U.S.A., 93z 1320-1324 (1996)), digested with EcoRl and Asel 

f^l^ and then co-transf ected into the 293 cells together with 
p Pad-digested plasmid DNA of pTR-MSH. Essentially the same 
method described as the F/K20 mutant preparation method by 
Yoshida et al., 1998 was used. However, when the co- 
trans feet ion was carried out in accordance with a known 
method (Miyake et al., Proc. Natl. Acad. Sci. U.S.A., 
93 1 1320-1324 (1996)), a plaque was not obtained even 
though the experiment was repeated (Yoshida et al., 1998). 
Since the virus titer of the obtained Adv-F/MSH mutant was 
extremely low in this example, it was considered that it 
was difficult to isolate the virus by using the known virus 
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plaque formation method. Accordingly, the present 

inventors have changed the inoculum size of the DNA- 
transfected 293 cells in a 96 well plate to 30% of the 
conventional method, lowered the concentration of fetal 
bovine serum (FBS) in the culture to 5% which was the half 
of the conventional 10%, and continued culturing for 3 
weeks while optionally adding the culture medium in 50 [xl 
per well 4, 8 and 15 days after the transfection to thereby 
at last isolate plaques of two clones as a whole. These 
viruses were amplified by infecting the 293 cells and A375 

Q 

€1 human malignant melanoma cells and then their biological 

€} 

M activities were examined. The titer of the thus obtained 

\.A virus solution of Ad5-MSH was below the detection limit 

m 

|,.t (10 pfu/ml or less) by the usual plaque assay method using 

p the 293 cells. 

m 
ni 

£1 

p| c) Investigation of cytotoxicity induced by infection of 
^ the 293 cells and A375 human malignant melanoma cells with 

F/MSH fiber mutant adenovirus 

The 293 cells or A375 cells was spread onto a 6 
well plate, followed by control mock infection, infection 
with a wild type (wt) adenovirus Ad5dlX-F/wt and infection 
with an F/MSH mutant adenovirus (Ad5-F/MSH) on the next day. 
Then, the morphology of the cells after 96 hours was 
observed under a phase contrast microscope. The control 
293 cells are shown in Fig. lA, and the 293 cells infected 
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with AdSdlX adenovirus of F/wt and F/MSH are shown in B and 
C, respectively. Almost 100% of the F/wt-inf ected 293 
cells shown in B died and floated in round shapes by 4 days 
culturing. On the other hand, the F/MSH-inf ected 293 cells 
in C showed almost the same morphology as the control (A) 
causing almost no damage. 

Fig. 2D shows the morphology of the control A375 
cells, and those of the A375 cells infected with AdSdlX 
adenovirus of the wild type fiber (F/wt) at MOI 10 and 30 
CI in E and F, respectively. Contrary to the result of the 

y:| 293 cells, sufficient cytotoxicity was not obtained in the 

F/wt-inf ected A375 cells by 4 days culturing (E and F in 
yi Fig. 2). On the other hand. Fig. 3G shows the morphology 

^ of the A375 cells infected with AdSdlX adenovirus having 

^ F/MSH mutant fiber (AdS-F/MSH). It can be seen that 

'.;f markedly strong cytotoxicity is obtained by 4 days 
O culturing. 

Based on the above results, it was shown that the 
F/MSH fiber mutant adenovirus is useful as a gene transfer 
vector having higher efficiency and also having more 
excellent selectivity for the A37S human malignant melanoma 
cells than the 293 cells. 
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Example 2 

Preparation of improved human adenovirus type 5 having MSH- 
fused mutant fiber ( Ad5-F/asMSHa ) : 

Although Example 1 achieved significant effects of 
F/MSH mutant adenovirus on malignant melanoma, namely high 
efficiency of gene transfer and strong cytotoxic effect, 
the titer of the obtained virus solution was low (10^ 
pfu/ml or less). Accordingly, the inventor considered that 
it is necessary to improve the titer and obtained an MSH- 
O fused fiber mutant adenovirus having a practically and 

yj 

y:i sufficiently high titer of 10^ to 10^ pfu/ml or more usinq 

M 

4= a fiber mutant adenovirus preparation method described 
yi below, 

lass 

CI 

gl a) Preparation of DNA fragment encoding F/asMSHa fiber 
j!! mutant 

^ A region encoding the a-MSH and a poly (A) signal 

region of the fiber were synthesized by PGR using newly 
synthesized oligonucleotides No. 1061 (SEQ ID NO: 5) and 
No. 1092 (SEQ ID NO: 6) as primers and the pSKII+6 . 7R-MSH in 
Example 1 as the template. 

The PGR product was digested with Ba/nHI/J^coRI and 
cloned into the BamHl/EcoRl site of pNEBl93 (manufactured 
by NEB) to confirm its nucleotide sequence. 



- 26 - 



b) Preparation of cosmid pWE6 . 7R-F/asMSHa 

The cosmid pWE15 (GenBank accession, M99569) was 
purchased from Clontech (Palo Alto, CA, USA). The SacII 
site of PSKII+6.7R-K20 (described on page 2506 of Yoshida 
et al., Hum. Gene Ther . , 9: 2503-2515 (1998)) was blunt- 
ended with T4 DNA polymerase, and a newly synthesized 
phosphorylated BstBl linker ( pdGCTTCGAAGC ) was inserted 
into the site. From this product, an EcoRI/BstBI fragment 
containing Ad5 adenovirus genome was cut out and cloned 
into the EcoKZ/ciaZ site of pWE15 to thereby obtain 
PWE6.7R-F/K20. From the pWE6 . 7R-F/K20 , pWE6 . 7R-F/asMSHa 
was obtained by replacing a BamHI/iTpni fragment containing 
|„L a sequence encoding the K20 mutation with a Bamnz/Kpnl. 

|.,: fragment of the No. 1061-No. 1092 PGR product described in 

O 

m 



a). In this connection, the nucleotide sequence of a 
fiber-encoding region (Ad5-F/asMSHa. seq) and the encoded 
amino acid sequence are shown in SEQ ID NO: 7. 

c) Preparation of cosmid pWEAxKM-F/asMSHa 

A BajnHI digestion fragment (1,264 bp) containing 
kanamycin resistance gene was cut out from plasmid pUC-4K 
purchased from Pharmacia, blunt-ended with T4 DNA 
polymerase and cloned into the Swal site of pAx-cw (Miyake 
et al., Proc. Natl. Acad. Sci. U.S.A., 93: 1320-1324 
(1996)) to thereby obtain pAxKM. By cloning an EcoRl 
fragment (about 25,773 bp) containing the Ad5 genome into 
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the EcoRl site of the pWE6 . 7R-F/asMSHa described in b) and 
selecting a product in which the Ad5 genome is connected in 
the correct direction, the cosmid pWEAxKM-F/asMSHa having a 
total length of about 40,702 bp was obtained. 

d) Preparation of F/asMSHa mutant recombinant adenovirus 

The DNA-TPC of adenovirus AdSdlX was digested with 
EcoRl and Asel and the pWEAxKM-F/asMSHa was digested with 
Clal and Pad, and they were co-transf ected into the 293 
cells. A large number of plaques could be isolated by a 
known cell culturing method without using the specific 
culturing method described in Example 1. it was confirmed 
from the result of virus genome analysis that it was a 
mutant of AdSdlX having the expected F/asMSHa mutation. In 
order to distinguish from the virus described in Example 1, 
this mutant was named Ad5-F/asMSHa. A desirably high titer 
of 1.10x10* pfu/ml for practical use was obtained from the 
stock solution of the Ad5-F/asMSHa virus. 

Example 3 

Preparation of F/asMSHa fiber mutant recombinant adenovirus 
AxCAZ3-F/asMSHa which expresses reporter lacZ gene: 

In order to show the preparation of an F/asMSHa 
fiber mutant adenovirus in which an expression cassette of 
various exogenous genes were introduced into the ElA region. 



m 



o 
m 
m 
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the inventor constructed a recombinant adenovirus which 
expresses E. coli lacZ gene as the reporter. 

About 4,889 bp of an Asel fragment (blunt-ended) 
containing lacZ was cut out from pCAZ2 described in Yoshida 
et al., 1998, and cloned into the Bglll/Sall (blunt-ended) 
site of pCI plasmid purchased from Promega (Madison, WI, 
USA) to thereby obtain pCAZ3. A Bglll/BamHl fragment 
(blunt-ended) of about 5,153 bp was cut out from the pCAZS 
and cloned into the Swal site of cosmid pAx-cw (Miyake et 
al., 1996) to thereby obtain pAxCAZS. Using this cosmid 
y:j DNA and DNA-TPC of AdSdlX, a recombinant adenovirus of wild 

type fiber (F/wt), AxCAZ3-F/wt, was obtained. The DNA-TPC 
Ul was prepared from the AxCAZ3-F/wt and digested with EcoRl 
and Asel, the WEAxKM-F/asMSHa cosmid obtained in Example 2 
was digested with Clal and Pad, and they were co- 
transfected into the 293 cells. A large number of plaques 
could be isolated by a known culturing method, and it was 
confirmed from the result of virus genome analysis that it 
was a recombinant adenovirus having the expected F/asMSHa 
mutation and also having a reporter lacZ expression 
cassette in the ElA region. This recombinant virus was 
named AxCAZ3-F/asMSHa. 



m 
rij 
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Example 4 

Preparation of F/asMSHa mutant adenovirus using host cell 
which highly expresses MSH receptor (hereinafter referred 
to as "MSHR" ) : 

a) Preparation of retrovirus vector expressing MSHR 

cDNA fragments encoding an N-terminal half and C- 
terminal half of MSHR were obtained by amplification (RT- 
PCR) using cDNA obtained from crude RNA of the human 
melanoma A3 75 cells as the template, and primers No. 1037 
P (SEQ ID NO: 8) and No. 1040 (SEQ ID NO: 11) as primers for 

y!l 

y;J the N-terminal half and No, 1038 (SEQ ID NO: 9) and No. 1039 

4: (SEQ ID NO: 10) as primers for the C-terminal half. Each of 

yi the DNA fragments was digested with EcoRX/Kpnl and cloned 

g respectively into the EcoRl/Kpnl site of pBluescript II SK+ 

and then the nucleotide sequences were confirmed. From 

Til 

'L these plasmids, the fragment encoding the N-terminal half 

P was cut out with i^coRI/iCpnl , and the C-terminal half with 

Kpnl/Notl, and they were cloned into the EcoRl/Notl site of 
plasmid pRx-bsr for retrovirus preparation (Shinoura et al . , 
Human Gene Ther . , 5: 1983-1993 (1998)) by three part 
ligation to thereby obtain a plasmid pRxhMSHR. Using this 
plasmid, an MSH-expressing retrovirus producer cell 
V<^RIP/MSHR was established using the method described in a 
reference (H. Hamada et al.. Retrovirus Vector, edited by 
The Japan Society of Gene Therapy: Handbook of Research and 
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Development of Gene Therapy, Chapter 3, Transfer Techniques, 
in press, NTS, 1999). 

b) Preparation of 293 host cell-derived cell line which 
highly expresses MSHR 

A 293/MSHR cell line which highly expresses MSHR 
was obtained by infecting the 293 cells with retrovirus in 
the culture supernatant of t/^RIP/MSHR. 

c) Amplification of F/asMSHa mutant adenovirus using 
y'l 293/MSHR 

When the titer of F/asMSHa mutant adenovirus was 

1 * 

yi measured by plaque assay using the 293/MSHR cells instead 

« of the 293 cells usually used as the host for adenovirus 

gl preparation, 3 to 10 times higher apparent titers were 

rii 

obtained than the titer values obtained by the 293 cells, 
p This was believed to be due to the increased infection 

efficiency and plaque formation ratio of F/asMSHa mutant 
adenovirus caused by use of the 293/MSHR cells in 
comparison with use of the 293 cells. That is, it is 
considered that a virus solution having a higher titer can 
be prepared by use of the 293/MSHR cells as the host than 
use of the 293 cells. 
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Example 5 

Preparation of P-MSH-fused fiber mutant recombinant 
adenovirus : 

In Examples 1 to 4, examples of the preparation of 
human a-MSH-fused fiber mutant recombinant adenovirus were 
shown, A possibility of preparing a fiber mutant virus 
useful for the treatment of malignant melanoma cells was 
further examined on ligands other than a-MSH, using (3-MSH 
as an example of the ligands. 

O 

a) Preparation of plasmid DNA encoding p-MSH-fused fiber 
f"' protein 

A p-MSH-encoding primer No. 1075 for PGR was newly 

I*" 

s prepared ( SEQ ID NO: 12). PGR was carried out using 

£(i No. 1075 and No. 1092 (described in Example 2) as primers 

ni 

£1 and pSKII+6.7Rnp as the template^ the thus obtained PGR 

D 

product was digested with SamHI and £:coRI and cloned into 
the BamHl/EcoRl site of pNEB193^ and then the nucleotide 
sequence was confirmed. A p-MSH-encoding DNA fragment was 
cut out with BainHI/Xpnl and cloned into the BamHl/Kpnl site 
of pWE6 . 7R-F/asMSHa obtained in Example 2 to thereby obtain 
pWE6.7R-F/asMSHb. By further cloning an JE^coRI fragment 
(about 25 kbp) of pAxKM into EcoRl site of pWE6 . 7R-F/asMSHb 
in the sense direction, pWEAxKM-F/asMSHb cosmid DNA was 
obtained • 
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b) Preparation of (3-MSH-fused fiber mutant adenovirus 

By co-transfecting DNA-TPC of AdSdlX and DNA of 
pWEAxKM-F/asMSHb into the 2 93 cells in the same manner as 
in Example 2, a p-MSH-fused fiber mutant adenovirus 
Ad5-F/asMSHb was prepared. A large number of plaques were 
obtained, and it was also confirmed based on the results of 
the analysis of virus genome that the intended F/asMSHb 
mutant virus was obtained. 

Also, a recombinant adenovirus AxCAZ3-F/asMSHb 

y;i having an E. coli lacZ reporter gene expression cassette 

• 

P and also having a p-MSH-fused fiber mutant was prepared by 

p co-transfecting DNA-TPC of AxCAZ3-F/wt and DNA of pWEAxKM- 

Ul F/asMSHb into the 293 cells in the same manner as in 

s Example 3. DNA sequence of the F/asMSHb mutant fiber is 

CI 

CO shown in SEQ ID NO: 13. 

ni 

P Example 6 

Preparation of MSH-fused fiber mutant adenovirus having GS 
linker: 

In Examples 1 to 5, examples were shown on the 
preparation of a mutant adenovirus having a structure in 
which an amino acid sequence of a-MSH or P-MSH ligand was 
joined to the C-terminal of the fiber protein of adenovirus 
via an AS linker ( PSASASASAPG, SEQ ID NO: 25) (in the AS 
linker for p-MSH ligand, a serine residue is further added 
to the C-terminal). Regarding a linker other than the AS 
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linker, a possibility of preparing a fiber mutant virus 
useful for the treatment of malignant melanoma cells was 
also examined using a GS linker (GSGSGSGSGSG, SEQ ID NO:27; 
for the p-MSH ligand, a serine residue is further added to 
the C-terminal) as an example. 

a) Preparation of plasmid DNA encoding GS linker 

A GS linker-encoding primer No. 1060 (61 mer, SEQ 
ID NO: 14) was newly synthesized. In addition, in order to 

D 

y:i facilitate the PGR, a primer No. 1098 (41 mer, SEQ ID 

€} 

NO: 15) which is shorter than the No. 1060 and has a 
slightly different codon usage was newly synthesized. The 
PGR was carried out using pSKII+6 • 7R-K20 as the template 
and also using No. 931 (described in Yoshida at al . , 1998; 
SEQ ID NO: 16) and No. 1060, and the PGR was further carried 
out using the PGR product as the template and No. 931 and 
No. 1098. 

The PGR product was digested with ifindIII/Ba;nHI and 
cloned into pNEB193, and then the nucleotide sequence was 
confirmed. Next, Xhol/BamHl DNA fragments containing AS 
linkers of pWE6 . 7R"F/asMSHa and pWE6 . 7R-F/asMSHb were 
replaced by Xhol/BamHl DNA fragment containing GS linker to 
thereby obtain pWE6 . 7R-F/gsMSHa and pWE6 • 7R-F/gsMSHb, 
respectively. By cloning an EcoRl fragment (about 25 kbp) 
of pAxKM into the ^coRI site of each cosmid DNA in the 



11 



m 

nl 
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sense direction, pWEAxKM-F/gsMSHa and pWEAxKM-F/gsMSHb were 
obtained, respectively. 

b) Preparation of MSH-fused fiber mutant adenovirus having 
GS linker 

Four MSH-fused fiber mutant adenoviruses having GS 
linker were established by co-transf ecting the cosmids 
prepared in a) and the DNA-TPC of AdSdlX or AxCAZ3-F/wt. 
That is, they were Ad5-F/gsMSHa, Ad5-F/gsMSHb, AxCAZ3- 
F/gsMSHa and AxCAZ3-F/gsMSHb . It was confirmed based on 
the result of the analysis of virus genome that they are 
intended mutant adenovirus. Nucleotide sequences encoding 
the fibers of F/gsMSHa and F/gsMSHb and the encoded amino 
acid sequences are shown in SEQ ID N0s:17 and 18, 
respectively , 

Example 7 

Preparation of MSH-fused fiber mutant adenovirus having K21 
linker: 

In Examples 1 to 6, examples were shown on the 
preparation of a mutant adenovirus having a relatively 
short linker sequence of about 11 to 12 amino acids such as 
the AS linker or GS linker, but a possibility of preparing 
a fiber mutant virus useful for the treatment of malignant 
melanoma cells was further examined regarding linkers 
having longer amino acid sequence, using asK21 linker (SEQ 
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ID NO:29) and gsK21 linker (SEQ ID N0:31) in which an amino 
acid sequence of 25 residues was added to the AS linker (11 
amino acid) or GS linker (11 amino acid) (37 amino acids in 
total) as the examples. 

a) Preparation of plasmid DNA encoding asK21 linker or 
gsK21 linker 

A K21 linker-encoding primer No. 1089 (128 mer, SEQ 
ID NO: 19) was newly synthesized. The PGR was carried out 

CI 

using No. 1089 and No. 1092 as primers and pSKll+6.7Rnp as 

y;i ^. 

j„, the template, the PGR product was cloned into the EcoRl 

site, and then the nucleotide sequence was confirmed. The 
DNA fragment from Bglli site to BamEI site as a region 
y encoding the K21 linker was inserted into the BamHX site of 

m pWE6.7R-F/asMSHa, pWE6 . 7R-F/gsMSHa, pWE6 . 7R-F/asMSHb and 

|j pWE6.7R-F/gsMSHb to thereby obtain cosmid DNAs of 

I.:: PWE6 . 7R-F/asK21MSHa, pWE6 . 7R-F/gsK2lMSHa, 

pWE6.7R-F/asK2lMSHb and pWE6 . 7R-F/gsK2 IMSHb, respectively. 
An EcoRZ fragment (about 25 kbp) of pAxKM was cloned into 
the ECORZ site of these cosmids encoding the fiber 
containing K21 linkers in the sense direction to thereby 
obtain cosmid DNAs of pWEAxKM-F/asK2lMSHa, 

pWEAxKM-F/gsK2lMSHa, pWEAxKM-F/asK2 iMSHb and 

pWEAxKM-F/gsK2 IMSHb , respectively . 



in 
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b) Preparation of MSH-fused fiber mutant adenovirus having 
asK21 linker or gsK21 linker 

Adenovirus Ad5-F/asK2 iMSHa, Ad5-F/gsK21MSHa, Ad5- 
F/asK2lMSHb and Ad5-F/gsK2 iMSHb were established by co- 
transfecting the cosmid DNA prepared in a) and the DNA-TPC 
of AdSdlX, respectively. The DNA sequences of regions 
encoding the fibers of Ad5-F/asK2 iMSHa, Ad5-F/gsK2lMSHa, 
Ad5-F/asK2 IMSHb and Ad5-F/gsK2 iMSHb and the encoded amino 
acid sequences are shown in SEQ ID NOs:20, 21, 22 and 23, 
respectively. m the same manner, adenovirus 

AxCAZ3-F/asK2 IMSHa, AxCAZ3-F/gsK2 IMSHa , AxCAZ3-F/asK2 IMSHb 
and AxCAZ3-F/gsK2 IMSHb were established by co-transf ecting 
the DNA-TPC of AxCAZ3-F/wt and the cosmid DNAs, 
respectively. Based on the result of the virus genome 
analysis, it was confirmed that these 8 adenoviruses are 
the intended fiber mutant adenoviruses. 

INDU.STRTAT. APPT.TP ABTT.TTV 

The present invention can provide a virus vector 
comprising a virus structural protein fused with a ligand 
which specifically binds to an MSH receptor, and a 
diagnostic drug and therapeutic drug for a tumor expressing 
the MSH receptor such as malignant melanoma and the like, 
using the vector. 
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SEQUENCE LISTING F REE TEXT 

SEQ ID N0:1: DNA coding a part of adenovirus fiber type 
5, AS linker peptide and a-MSH 

SEQ ID NO: 2: Synthetic DNA No. 924 used as template for 
PGR amplification of DNA sequence No. 1 

SEQ ID NO: 3: Synthetic DNA No. 933 used as sense primer 
for PGR amplification of DNA sequence No. 1 

SEQ ID NO:4: Synthetic DNA No. 934 used as antisense 
primer for PGR amplification of DNA sequence No. 1 

Q 

y;i SEQ ID NO: 5: Synthetic DNA No. 1061 used as sense primer 

for PGR amplification of DNA coding a-MSH and adenovirus 
fiber poly A signal 

SEQ ID NO: 6: Synthetic DNA No. 1092 used as antisense 
primer for PGR amplification of DNA coding a-MSH and 

Cil adenovirus fiber poly A signal 

Til 

£ SEQ ID NO: 7: DNA coding a modified fiber protein of 

pWE6 . 7R-F/asMSHa 

SEQ ID NO: 8: Synthetic DNA No. 1037 used as sense primer 
for PGR amplification of DNA coding human MSH receptor 
residue 1-154 

SEQ ID NO: 9: Synthetic DNA No. 1038 used as antisense 
primer for PGR amplification of DNA coding human MSH 
receptor residue 150-317 

SEQ ID NO: 10: Synthetic DNA No. 1039 used as sense primer 
for PGR amplification of DNA coding human MSH receptor 
residue 150-317 
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SEQ ID NO: 11: Synthetic DNA No. 1040 used as antisense 
primer for PGR amplification of DNA coding human MSH 
receptor residue 1-154 

SEQ ID NO: 12: Synthetic DNA No. 1075 used as sense primer 
for PGR amplification of DNA coding p-MSH and adenovirus 
fiber poly A signal 

SEQ ID NO: 13: DNA coding a modified fiber protein of 
pWE6 . 7R-F/asMSHb 

SEQ ID NO: 14: Synthetic DNA No. 1060 used as antisense 



primer for PGR amplification of DNA coding a part of 
adenovirus type 5 fiber and GS linker peptide 



SEQ ID NO: 16: Synthetic DNA No. 931 used as sense primer 
for PGR amplification of DNA coding a part of adenovirus 



SEQ ID NO: 17: DNA coding a modified fiber protein of 
pWE6 . 7R-F/gsMSHa 

SEQ ID NO: 18: DNA coding a modified fiber protein of 
pWE6 . 7R-F/gsMSHb 

SEQ ID NO: 19: Synthetic DNA No. 1089 used as sense primer 
for PGR amplification of DNA coding K21 linker 
SEQ ID NO: 20: DNA coding a modified fiber protein of 
pWE6 . 7R-F/asK2lMSHa 




primer for PGR amplification of DNA coding a part of 

adenovirus type 5 fiber and GS linker peptide 

SEQ ID NO: 15: Synthetic DNA No. 1098 used as antisense 



type 5 fiber and GS linker peptide 
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SEQ ID N0:21: 


DNA 


coding 


a modified fiber 


protein 


pWE6 . 7R-F/gsK2 IMSHa 










SEQ ID NO:22: 


DNA 


coding 


a modified fiber 


protein 


pWE6 . 7R-F/asK2 IMSHb 










SEQ ID NO:23: 


DNA 


coding 


a modi f ied f iber 


protein 


pWE6 . 7R-F/gsK2 iMSHb 










SEQ ID NO:24: 


DNA 


coding AS linker 






SEQ ID NO: 25: 


AS linker peptide 






SEQ ID NO: 26: 


DNA 


coding GS linker 






SEQ ID NO: 27: 


GS linker peptide 






SEQ ID NO: 28: 


DNA 


coding asK21 linker 




SEQ ID NO: 29: 


asK21 linker 


peptide 






SEQ ID NO: 30: 


DNA 


coding gsK21 linker 




SEQ ID N0:31: 


gsK21 linker 


peptide 






SEQ ID NO: 32: 


A modified 


fiber 


protein 


encoded 


pWE6 . 7R"F/asMSHa 










SEQ ID NO: 33: 


A modified 


fiber 


protein 


encoded 


pWE6 . 7R-F/asMSHb 










SEQ ID NO: 34: 


A modified 


fiber 


protein 


encoded 


pWE6. 7R-F/gsMSHa . 










SEQ ID NO: 35: 


A modified 


fiber 


protein 


encoded 


pWE6 . 7R-F/gsMSHb 










SEQ ID NO: 36: 


A modified 


fiber 


protein 


encoded 


pWE6 • 7R-F/asK2 iMSHa 










SEQ ID NO: 37: 


A modified 


fiber 


protein 


encoded 


pWE6 . 7R-F/gsK2 IMSHa 












SEQ ID NO: 38: A modified 
pWE6 . 7R-F/asK2 iMSHb 
SEQ ID NO: 39: A modified 
pWE6 . 7R-F/gsK2 iMSHb 




fiber protein encoded 



fiber protein encoded 



a 

njtc 

«i i 
a t 

s 

o 

fiJ 

n 



- 41 - 



